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The reactions of the lialogenocy clotriphosphazatrienes N 3 P 3 F 6 and N 3 P 3 CI6 with the reagentsMesSiR [R = NP(NMe2 )3 ,NPMe3 , NPMe2 Ph, NPMePh2, N P Ph3, and N P (O Et)3] are discussed, and conclusions are drawn about some of the factors controlling the course and rate of these reactions. Some novel phosphazenyl-derivatives, N 3 P3 X 5 R [X = F or Cl, R = NP(NMe2)3; X = F, R = N P (O Et)3] are reported.
Silyl derivatives have been used extensively to synthesise mononuclear phosphorus compounds1-3. The use of this method to prepare phosphazenyl cyclophosphazenes has hitherto been restricted to introducing one or more trimethylphosphazenyl (NPMes) and/or triphenylphosphazenyl (N P P I13) groups into hexafluorocyclotriphosphazatriene and its derivatives4.
We now wish to discuss the generality of this method, to show its scope and its limitations and to report the synthesis of novel phosphazenyl deriva tives. We confine ourselves here to the synthesis (or attempted synthesis) of monosubstituted deriva tives N 3P 3X 5R (X = F or Cl) of hexafluoro-,N3P 3F 6, and hexachloro-cyclotriphosphazatrienes, N 3P 3CI6. The basicity5, N M R spectra6, and conformation7-10 of phosphazenylcyclophosphazenes have been the subject of recent intensive investigations.
The Table below 
Qualitatively the ease of formation decreases within each column as the Table is descended. This is in line with basicity measurements on cyclophosphazenes (NPA2)30r4 where the basicity de creases in the order A = NMe2 > Me > Ph > O Et > OPh > OCH2CF3 > Cl (for summary see refs. 7 and 8). This reflects the electron-releasing capacity of the group A on the basicity of the ring nitrogen atoms. Our observations above indicate that similar effects are operative for the nucleophilicity of the nitrogen atom of the reagent, Me3SiNPA3. We have hitherto been unable to synthesise N 3P3Cl5[NP(OEt)3] by this method. S c h m i d p e t e r and coworkers11 have deduced from 31P N M R measurements that the Me group makes the phosphazenyl nitrogen atom more basic than does a Ph group.
For a given reagent, Me3SiNPA3, the hexafluoride, N 3P3F 6, is more reactive than its chloro-analogue, N 3P3CI6. This is readily demonstrated by the reaction conditions detailed in the experimental section for A = NMe2.
To test this hypothesis further we allowed a mixture of one molar equivalent of each of the two halides to react with one mole of the reagent: N 3P 3F 6 -f N 3P 3Cl6 + Me3SiNPMe3. A mixture of the monosubstituted products in the molar ratio of 26% of the chloro to 74% of the fluoro analogue were isolated.
To summarise, two factors are of major impor tance in determining the course and speed of the reaction: (1) the nucleophilic reactivity of the phosphazenyl nitrogen atom in the reagent, MesSiNPAs; (2) the relative bond-strengths of P-X and Si-X [e.g. X = F, Cl, OPh, OCHaCFg).
I f the nucleophilicity of the reagent is too low (factor 1 ) for reaction with the substrate, provided factor 2 is favourable, self-condensation of the reagent occurs in preference to reaction with the cyclophosphazene: Me3SiNPA3-^Me3SiA-j-(NPA2)n. Both products have been characterised for A = OCH2CF3 12, whilst for A = OPh, only the silicon derivative, MesSiOPh 13, has as yet been isolated. We note that both substituents A (OPh and OCH2CF3) are low on our basicity scale.
Experimental
The reactions were carried out under dry argon. Hexachloro-15 and hexafluoro-cyclotriphosphazatriene14, and N-trimethylsilyl-trisdimethylaminomonophosphazene16 were synthesised by literature methods. N-Trimethylsilyltriethoxymonophosphazene was prepared by a method analogous to the S t a u d i n g e r reaction17.
A few of the phosphazenyl-derivatives have been reported previously4-18. All of the compounds discussed here have satisfactory elemental analyses and mass spectra. The syntheses of three novel derivatives are given in detail below, the main purpose of this communication being to stress the comparative aspects of this synthetic method.
Synthesis of: (a) N 3P 3F;>[NP(N Me<z)3]
Me3SiNP(NMe2)3 (8 g, 32.1 mmol) was added dropwise to N 3P3F 6 (8 g, 32.1 mmol). The exo thermic reaction ensuing raised the temperature to ~60 °C. I t was maintained there for several hours. The fluorotrimethylsilane was removed under water-pump vacuum. The liquid residue was dissolved in ether (200 ml) and treated with 
(c) N 3P 3F 5[N P (O E t)3]
N 3P3F 6 (5 g, 20.0 mmol) and Me3SiN P(O Et)3 (5 g, 19.7 mmol) were mixed without a solvent and heated (24 h) to about 90 °C (at about 50 °C a slight exothermic reaction was observed, which ceased after a short time). The product (7 g) was subjected to column chromatography, eluant methanolacetone (1:2) to give 6.3 g of the above product, which was further purified by distillation, b.p. 94-96 °C/1 mm, wD20 = 1.4030. Yield 5 g (62%). 
